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ABSTRACT

Critical thinking and digital literacy are essential competencies for twenty-first-century learning, yet their development
in physics education remains constrained by learning materials that do not systematically integrate scientific inquiry
with digital technology. This study aimed to develop a physics module on Work and Energy using a contextual inquiry
approach assisted by Physics Education Technology (PhET) simulations and to examine its validity, practicality, and
changes in students’ critical thinking and digital literacy following a limited implementation. The study employed a
Research and Development (R&D) method using the ADDIE model, comprising analysis, design, development,
implementation, and evaluation. The limited trial involved 31 Grade 10 students at SMAN 5 Mataram. Data were
collected using expert-validation sheets, practicality questionnaires, a critical-thinking test, and a digital-literacy
questionnaire, and were analyzed using descriptive statistics, reliability analysis, normality testing, normalized gain (N-
Gain), and the Wilcoxon Signed-Rank Test. The module achieved an average validity score of 88.8% and an average
practicality score of 86%. Critical-thinking scores increased from 48.2 to 82.6 with an N-Gain of 0.74, whereas digital-
literacy scores increased from 46.5 to 88.9 with an N-Gain of 0.79. The Wilcoxon test indicated significant differences
between pretest and posttest scores for both variables (p < 0.001). These findings suggest that the module has potential
to support the development of critical thinking and digital literacy in a limited-trial context; however, the single-group

design without a comparison group does not permit causal inference.
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INTRODUCTION

Advances in science and technology in the
twenty-first century have transformed the goals and
practices of education. Learning is no longer expected to
focus solely on the acquisition of factual knowledge and
conceptual mastery, but also on the development of
competencies that enable students to respond to
increasingly complex academic, social, and technological
challenges. Among these competencies, critical thinking
and digital literacy are particularly important because
students are increasingly required to interpret
information, evaluate evidence, make reasoned
judgments, and use digital resources responsibly.
Critical thinking enables learners to analyze
information, examine relationships among variables,
evaluate the credibility of evidence, formulate
explanations, and draw logical conclusions. Digital
literacy, meanwhile, involves the ability to access,
understand, use, and evaluate information delivered
through digital technologies [1], [2]. In contemporary
learning environments, these competencies are closely
related because students frequently encounter scientific
information through digital media and must determine
how such information can be interpreted and used

appropriately. In physics education, this requirement
becomes even more important because meaningful
learning depends not only on understanding scientific
concepts, but also on the ability to analyze evidence,
interpret representations, and make decisions based on
reliable information.

Physics is a discipline that combines conceptual
understanding, mathematical reasoning, empirical
evidence, and the interpretation of phenomena.
However, many physics concepts are abstract and
cannot always be observed directly in conventional
classroom settings. Concepts involving changes in
energy, relationships among physical variables, or
interactions between forces and motion may be difficult
for students to understand when learning relies
primarily on verbal explanation and mathematical
equations. Digital technology can therefore provide
important support by enabling students to visualize
scientific phenomena, interact with representations, and
explore relationships that would otherwise remain
abstract. Digitally integrated physics learning resources
have been reported to support students’ critical-
thinking skills [4]. Technology-supported learning also
provides opportunities for students to access, manage,
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interpret, and evaluate information more independently
[5]- Nevertheless, the educational value of technology
depends on how it is incorporated into the learning
process. Technology is more meaningful when it does
not merely function as a medium for displaying content,
but becomes part of activities that require investigation,
reasoning, interpretation of evidence, and evidence-
based decision making.

One digital resource with substantial relevance to
physics learning is the Physics Education Technology
(PhET) simulation. PhET simulations provide interactive
environments in which students can manipulate
variables, observe changes in real time, repeat
experiments, and examine relationships among physical
quantities that may be difficult to investigate directly in
a conventional classroom [7], [20]. Such characteristics
make PhET particularly useful for learning physics
because students can move beyond passively receiving
explanations and instead explore how changes in one
variable affect other variables. Previous studies have
shown that integrating PhET simulations with inquiry-
based learning can facilitate conceptual exploration and
increase student involvement in the learning process
[7]- The use of digital access features in physics modules
also demonstrates the potential for connecting printed
or structured instructional materials with online
learning resources. For example, contextual physics
modules integrated with QR-code access can provide
students with direct pathways to digital learning
resources [6]. These developments suggest that digital
simulations can be more pedagogically meaningful
when they are embedded within a structured learning
design that directs students toward investigation,
analysis, and reflection.

The need to strengthen students’ reasoning and
information-evaluation skills is also reflected in the
broader educational context. The Programme for
International Student Assessment (PISA) indicates that
scientific literacy remains a challenge for Indonesian
students [3]. Although PISA does not directly assess
critical thinking or digital literacy as independent
constructs, its framework emphasizes competencies
such as scientific reasoning, interpretation of evidence,
evaluation of information, and the application of
scientific knowledge to contextual problems. These
competencies conceptually overlap with important
elements of critical thinking. At the same time, the
increasing use of digital information in education means
that scientific reasoning must often be performed in
environments where students encounter multiple
sources, representations, and forms of digital content.
Consequently, improving physics learning requires
instructional approaches that not only help students
understand concepts but also provide opportunities to
evaluate evidence, interpret digital information, and
construct conclusions based on scientific reasoning.

This broader challenge was also evident in the
local context of the present study. Initial observations
conducted in April 2026 in Grade 10 at SMAN 5
Mataram showed that physics instruction was still
largely dominated by lecture-based teaching and made
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relatively limited use of digital learning media. Based on
an interview with the physics teacher, virtual
simulations such as PhET had not been routinely
incorporated into classroom activities. As a result,
students had limited opportunities to explore physics
concepts through interactive experimentation. Students
also continued to experience difficulty visualizing
abstract concepts, particularly in the topic of Work and
Energy. An initial diagnostic test indicated that students’
critical-thinking ability was in the low category, while
the digital-literacy questionnaire showed that some
students experienced difficulty evaluating the validity of
digital information used during learning. These findings
indicate a gap between the competencies expected in
twenty-first-century education and the learning
experiences available to students. They also highlight
the need for instructional materials that systematically
integrate scientific inquiry with meaningful use of
digital technology.

A physics module based on a PhET-assisted
contextual inquiry approach offers a potential response
to this need. A contextual approach can connect physics
concepts with phenomena that students encounter in
everyday life, allowing learning to begin with situations
that are meaningful and recognizable. These contextual
problems can then be investigated through inquiry
activities in which students identify relevant
information, formulate questions or hypotheses, explore
variables, analyze evidence, and develop conclusions.
PhET simulations can support this process by providing
a virtual experimental environment in which students
can manipulate variables and observe the consequences
of those changes directly. When these elements are
integrated into a structured module, students can move
through a sequence of learning activities that connects
real-world phenomena, scientific investigation, digital
interaction, and evidence-based reasoning. Such a
design is expected to support conceptual construction
while simultaneously providing opportunities to access,
interpret, use, and evaluate digital information.

Previous studies have provided evidence
supporting several components of this approach.
Inquiry-based modules and worksheets assisted by
PhET have been reported to support learning processes
and the development of critical-thinking skills [7], [10],
[11], [14], [18]. These studies demonstrate the potential
of inquiry and digital simulation to create more active
learning environments in physics. Research has also
highlighted the relationship between digital literacy and
critical thinking in physics education [15], suggesting
that the ability to engage critically with digital
information may be connected with broader reasoning
competencies. However, previous studies have generally
emphasized individual components, such as inquiry
learning, PhET simulations, critical thinking, or digital
literacy. Studies that simultaneously integrate
contextual problems, structured inquiry stages, PhET
simulations, and explicit digital-literacy activities within
a single physics module remain relatively limited.
Likewise, relatively few studies have examined changes
in critical thinking and digital literacy simultaneously
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within the same module-development framework. This
limitation represents an important research gap.

Conceptually, the proposed module addresses
this gap by organizing learning around authentic
contextual problems followed by structured inquiry.
Students are guided to formulate hypotheses,
manipulate variables using PhET simulations, observe
patterns, analyze virtual-experiment results, compare
evidence with real-world phenomena, and draw
scientifically justified conclusions. At the same time,
students interact with digital resources by accessing
simulations, interpreting digital representations, and
evaluating information used during investigations. This
sequence allows critical thinking and digital literacy to
be developed through related learning activities rather
than as separate instructional objectives. Students are
expected to practice analysis when examining
relationships among variables, evaluation when judging
information and evidence, inference when drawing
conclusions from experimental data, and explanation
when constructing scientific arguments. Simultaneously,
they practice accessing, understanding, using, and
evaluating information in a digital learning
environment.

The novelty of this study therefore lies not simply
in the use of PhET simulations, but in the explicit
integration of a contextual approach, inquiry stages,
PhET-based virtual experimentation, and digital-literacy
activities within one systematically designed physics
module. Students are not merely instructed to operate a
simulation as a visualization tool. Instead, they are
guided to connect simulation results with contextual
phenomena, evaluate digital information, construct
arguments based on virtual-experiment data, and reflect
on how digital information is used during the learning
process. This integrated design is intended to position
technology as part of scientific reasoning rather than as
an additional instructional medium.

Based on these considerations, this study aimed
to develop a physics module on Work and Energy based
on a PhET-assisted contextual inquiry approach; analyze
the validity and practicality of the developed module;
and analyze changes in students’ critical thinking and
digital literacy following the module’s limited
implementation. At the implementation stage, the
operational hypothesis was that students’ critical-
thinking and digital-literacy scores would differ
between the pretest and posttest measurements.

RESEARCH METHODS
Research Design

This study employed a Research and
Development (R&D) approach using the ADDIE model,
which consists of five sequential stages: Analysis,
Design, Development, Implementation, and Evaluation
[8], [9]. The ADDIE model was selected because it
provides a systematic framework for developing
instructional products and allows continuous evaluation
and revision throughout the development process.

The study consisted of two complementary
components. The first component focused on the
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development and validation of a physics learning
module integrating a contextual inquiry approach with
Physics Education Technology (PhET) simulations. The
second component involved a limited implementation of
the developed module to examine its practicality and to
describe changes in students’ critical-thinking and
digital-literacy scores.

During the implementation stage, a one-group
pretest-posttest design was employed. In this design,
the same group of students was assessed before and
after learning with the developed module. The design
can be represented as follows:

01-X-0;
Note:
01 = pretest measurement of critical thinking and digital
literacy;

X =learning using the PhET-assisted contextual inquiry
physics module; and

02= posttest measurement of critical thinking and
digital literacy.

Participants and Research Setting

The study was conducted at SMAN 5 Mataram,
West Nusa Tenggara, Indonesia, during the second
semester of the 2025/2026 academic year. The limited
implementation involved 31 Grade 10 students from
class X. Class X was selected purposively based on the
physics teacher’s recommendation, taking into
consideration the characteristics of the class,
compatibility with the instructional schedule, and the
feasibility of implementing the developed module. After
the class had been selected, all 31 students participated
in the complete research procedure, and no missing
data were recorded during the implementation.

Most students had access to Android-based
smartphones and internet connectivity. However, prior
to the study, they had not routinely used PhET
simulations as part of their physics learning activities.
This characteristic was considered relevant because the
developed module required students to interact directly
with digital simulations during inquiry activities.

Product validation involved three expert
validators in Physics Education with expertise related to
physics content, instructional-material design, and
learning. The validators assessed the quality of the
module and research instruments before the module
was implemented with students.

ADDIE Development Procedure
The development procedure followed the five
stages of the ADDIE model, as illustrated in Figure 1.
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1. ANALYSIS

The analysis stage is conducted to identify learning needs,
learner characteristics, and the availability of resources
and physical learning materials. The results of the analysis
form the basis for developing the module so that it aligns
with students’ needs and learning objectives.

(‘
&
2. DESIGN
The design stage involves preparing the learning module
Ed blueprint, including determining learning objectives,
izing content, ii ing a inquiry
approach and PhET simulations, and developing

instruments to measure critical thinking skills and
digital literacy.

3. DEVELOPMENT

The development stage involves producing the physics
learning module based on the contextual inquiry approach
supported by PhET according to the designed blueprint.
The resulting product is then validated by experts to assess
its feasibility before being implemented in learning.

4. IMPLEMENTATION

The implementation stage involves a trial of the module
in learning activities. Students are given pretests and
posttests to measure the improvement of critical thinking
skills and digital literacy, while practicality data are
obtained through teacher and student response
questionnaires after using the module.

e 5. EVALUATION
L The evaluation stage aims to evaluate the quality of the
0 module and conduct product refinement based on

implementation results to improve the quality of the
module for better future use.

Figure 1. Stages of the ADDIE Development Model

Analysis

The analysis stage was conducted to identify the
learning needs and conditions that served as the basis
for module development. Data were obtained through
classroom observations, an interview with the physics
teacher, and analysis of instructional documents.

The needs analysis focused on student
characteristics, difficulties in learning Work and Energy,
the availability of instructional materials, teacher
readiness, and access to digital devices and internet
facilities. The analysis showed that physics learning was
still predominantly lecture-based and that the use of
digital learning media was relatively limited. Students
also experienced difficulties understanding abstract
concepts related to Work and Energy. At the same time,
the availability of digital devices and internet access at
the school provided adequate conditions for integrating
PhET simulations into physics instruction.

Design

At the design stage, the structure and
instructional sequence of the module were prepared
based on the results of the needs analysis. The module
was designed to integrate contextual problems, inquiry
activities, and PhET simulations within a systematic
learning sequence.

The module design included learning outcomes,
learning objectives, Work and Energy content,
contextual problems, inquiry stages, PhET-based virtual
experiments, critical-thinking exercises, digital-literacy
activities, reflection activities, and learning evaluation.
Research-instrument grids, an evaluation plan, and a
storyboard for the module interface were also prepared
during this stage.

The inquiry activities were designed to guide
students from contextual problem identification toward
hypothesis formulation, virtual experimentation, data
analysis, evaluation of evidence, and conclusion
drawing.
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Development

During the development stage, the initial design
was transformed into a prototype of the physics module.
The prototype was subsequently reviewed and
validated by three expert validators.

Validation covered four major aspects: content
feasibility, presentation, language, and graphical design.
The validators also reviewed the suitability of the
learning activities, instructions for using PhET
simulations, contextual problems, and assessment
components.

Comments and recommendations from the
validators were used as the basis for revising the
prototype. Revisions included improvements to the
wording of learning objectives, instructional
explanations, illustrations, PhET-use instructions, and
module layout. The revised product was then prepared
for limited classroom implementation.

Implementation

The implementation stage was conducted with 31
students in class X-10 over eight instructional meetings,
with each meeting allocated 2 x 45 minutes.

Before the learning activities began, students
completed a critical-thinking pretest and an initial
digital-literacy assessment. They then participated in
group-based learning wusing the PhET-assisted
contextual inquiry physics module under the guidance
of the physics teacher.

During the learning process, students worked
with contextual problems, formulated hypotheses,
performed virtual experiments using PhET simulations,
manipulated relevant physical variables, analyzed
experimental results, and drew evidence-based
conclusions.

After all learning activities had been completed,
students took the critical-thinking posttest and
completed the digital-literacy assessment. Student-
response questionnaires were also administered to
obtain information regarding the practicality of the
developed module.

Evaluation

Evaluation was conducted formatively
throughout the ADDIE development process. Feedback
from validators, the teacher, and students was used to
identify aspects of the module that required
improvement.

The evaluation focused on the accuracy and
organization of the content, clarity of instructions, visual
presentation, accessibility of PhET simulations,
language, and usability of the learning activities. The
results of the formative evaluation were used to refine
the module until a final version suitable for the limited
implementation context was obtained.

Research Instruments

Four main types of instruments were used in this
study: expert-validation sheets, practicality instruments,
a critical-thinking test, and a digital-literacy
questionnaire. The expert-validation sheet was used to
assess the quality of the developed product in terms of
content feasibility, presentation, language, and graphical
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design. The validation criteria were adapted from
criteria  previously used in instructional-tool
development [19].

Module practicality was assessed using three
sources of information: lesson-implementation
observations, teacher responses, and student responses.
These instruments were used to determine the extent to
which the module could be implemented and used
during the learning process.

Critical-thinking ability was measured using five
essay questions. The questions covered the indicators of
analysis, evaluation, interpretation, inference, and
explanation. Student responses were assessed using the
same scoring rubric to ensure consistency in the
evaluation process. Digital literacy was measured using
a questionnaire based on four indicators: the ability to
access, understand, wuse, and evaluate digital
information. The questionnaire employed a four-point
Likert scale.

Before implementation, the instruments were
reviewed by expert validators to assess their content
relevance, construction, and language suitability.

Data Analysis

Data analysis included product validity,
practicality, instrument reliability, normalized gain,
normality, and differences between pretest and posttest
scores.

Product Validity and Practicality
The validity and practicality scores were converted into
percentages using Equation:

P=2 % % 100%

2 Sm

Where Pis the percentage score, Syis the

obtained score, and Smis the maximum possible score.
The validity percentages were interpreted as follows:
81-100% = highly valid, 61-80% = valid, 41-60% =
moderately valid, 21-40% = less valid, and 0-20% =
invalid. Practicality was interpreted from the percentage
scores obtained from lesson implementation, teacher
responses, and student responses.

Normalized Gain Analysis

Changes in students’ critical-thinking and digital-
literacy scores were analyzed using normalized gain (N-
Gain), calculated using Equation:

_ Spost - Spre

Smax - Spre
where gis the normalized gain, Spostis the posttest
score, Spreis the pretest score, and Spaxis the
maximum possible score. The N-Gain values were
classified as high when g = 0.70, moderate when
0.30 < g < 0.70, and low when g < 0.30.

Reliability Analysis

The internal consistency of the instrument was
examined using Cronbach’s alpha, as expressed in
Equation:
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where ais Cronbach’s alpha coefficient, kis the

number of items, O'izis the variance of item I, and 0'72~is
the variance of the total score. A Cronbach’s alpha
coefficient of approximately 0.70 or higher was
considered to indicate adequate internal consistency.
The essay-based critical-thinking responses were
assessed using the same scoring rubric across all
students to maintain consistency in scoring.

Normality Test

The normality of the pretest and posttest scores
was examined using the Shapiro-Wilk test because the
study involved fewer than 50 participants. The level of

significance was set at @ = 0.05. Data were considered
normally distributed when p > 0.05and non-normally

distributed when p < 0.05. Because at least one
distribution within each pretest-posttest pair did not
satisfy the normality assumption, a nonparametric
paired-sample test was used for the subsequent
analysis.

Wilcoxon Signed-Rank Test

Differences between pretest and posttest scores
for critical thinking and digital literacy were analyzed
using the Wilcoxon Signed-Rank Test. This
nonparametric test was selected because the paired
data did not fully satisfy the normality assumption. The
null and alternative hypotheses were formulated as
follows:

Hy:D =0

Hi:D+0
where Ddenotes the median of the paired
differences between posttest and pretest scores. The
null hypothesis was rejected when p < 0.05and was

not rejected when p = 0.05. All inferential statistical
analyses were performed using SPSS at a significance

level of @ = 0.05. Because the study employed a one-
group pretest-posttest design without a comparison
group, statistically significant differences were
interpreted as changes following module
implementation rather than as definitive evidence of a
causal effect.

RESULT AND DISCUSSION

The product developed in this study was a
physics module on Work and Energy based on a
contextual inquiry approach assisted by PhET
simulations. The module included a cover, instructions
for use, learning outcomes and objectives, a concept
map, learning content, contextual inquiry activities,
virtual-experiment activities, student worksheets
(LKPD), exercises, reflection, and learning evaluation.
This structure was designed to enable students to
construct concepts through guided investigation [10].

The development results are presented in terms
of product characteristics, validity, practicality, changes
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in critical thinking and digital literacy, and statistical-
test results. Because implementation used a one-group
pretest-posttest design, the inferential results were
used to describe score changes in the trial group rather
than to establish a causal effect of the module.

Each learning activity began with a contextual
phenomenon, followed by inquiry stages, PhET-based
exploration, data analysis, conclusion drawing, and
reflection. This structure connected physics concepts
with students’ everyday experiences while providing
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opportunities to use digital evidence in reasoning.

The module was equipped with QR codes and
links that directed students to PhET simulations. These
features allowed students to access virtual experiments,
manipulate variables, and observe relationships among
physical quantities independently or in groups. The use
of QR codes in learning materials can facilitate access to
digital resources [6], while PhET supports conceptual
exploration through interactive simulations [7], [20].

T

i o sacte ok e

O ()

Figure 2. (a) Cover of the Learniné Module; (b) Integration of PhET Simulations in the Module; (c) Contextual Inquiry-
Based Student Worksheet (LKPD)

Validity Results instructional materials, and learning. The assessment
Product validity was assessed by three covered content feasibility, presentation, language,
validators with expertise in physics content, and graphical design.
Table 1. Summary of Expert Validation Results
Component V1 V2 V3 Average Category
Module 86 90 90.3 88.77 Highly valid
Student Worksheet . .
(LKPD) 90 87.5 95 90.83 Highly valid
Lesson 90 90 875 8917 Highly valid
Implementation
Teacher Response 925 86 87.5 88.67 Highly valid
Student Response 87.5 90 925 90 Highly valid
Critical-Thinking Test 90 90 95 91.67 Highly valid
Digital-Literacy Test 87 87 92.5 88.83 Highly valid

In addition to assigning scores, the validators
recommended refining the wording of learning
objectives, adjusting illustrations, simplifying PhET
instructions, and improving the layout of several
module components. These recommendations were
used to revise the prototype before implementation,
meaning that the validation process not only produced
feasibility scores but also guided product improvement.

Based on the three validator scores presented in
Table 1, the learning module obtained an average score
of 88.8% and was categorized as highly valid. This
result indicates that the module met the feasibility
criteria for the aspects assessed in this development
context.

The high validity score reflects the alignment

among the learning objectives, Work and Energy
content, inquiry stages, and the integration of PhET
simulations as a means of conceptual exploration. Such
alignment is important to ensure that technology does
not stand alone but supports the intended learning
activities. This finding is consistent with research on
digital-technology teaching materials that emphasizes
the importance of construct quality and presentation in
supporting learning [16].

Practicality Results

Module practicality was
lesson-implementation observations,
responses, and student responses.

measured through
teacher

Table 3. Summary of Module Practicality Results

Practicality Component [gi{aelret S(cozse Category
Lesson Implementation 4 92.5 Highly practical
Teacher Response 4 90 Highly practical
Student Response 3 75.5 Practical

470



Jurnal Inovasi Pendidikan dan Sains

The practicality test showed a lesson-
implementation score of 92.5%, a teacher-response
score of 90%, and a student-response score of 75.5%,
with an overall average of 86%. The high lesson-
implementation and teacher-response scores indicate
that the module could be used according to the designed
learning sequence, whereas the lower student-response
score suggests that students’ user experience was not as
strong as the teacher’s evaluation and the observed
implementation.

During implementation, the teacher was able to
follow the prescribed learning sequence, and students
were able to complete the activities independently and
in groups. The instructions, sequence of inquiry
activities, and access to PhET through links or QR codes
supported the implementation of the learning process.

The practicality of the module was also supported
by the role of PhET simulations in visualizing concepts
and providing opportunities for exploration. This
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finding is consistent with research reporting that PhET-
assisted e-modules can be used practically and can
promote student engagement [12]. Nevertheless, the
student-response score should be considered separately
from the overall mean so that aspects requiring further
refinement are not obscured by the high lesson-
implementation and teacher-response scores.

The student-response score of 75.5% indicates
that the user experience of the module still requires
refinement. Classroom observations during
implementation showed that some students needed
time to understand the instructions and adapt to inquiry
activities and PhET simulations because they had not
previously used this type of digital medium in physics
learning. This finding suggests that product practicality
is influenced not only by module design but also by
students’ prior experience with learning technologies.

Changes in Critical Thinking and Digital Literacy

Table 4. N-Gain Results for Students’ Critical Thinking and Digital Literacy

Variable

Pretest Posttest N-Gain Category

Critical Thinking 48.2

82.6 0.74 High

Digital Literacy 46.5

88.9 0.79 High

N-Gain was calculated using the maximum score
specified for each instrument. As shown in Table 4, the
N-Gain was 0.74 for critical thinking and 0.79 for digital
literacy; both values were categorized as high according
to the criteria used in this study.

The change in critical-thinking performance can
be associated with the inquiry activities, which required
students to identify problems, formulate hypotheses,
manipulate variables, analyze data, evaluate results, and
draw conclusions. These activities directly provided
practice in analysis, evaluation, inference, and
explanation. The finding is consistent with research
reporting a positive contribution of inquiry learning to
critical thinking [13] and with studies of PhET-assisted
guided inquiry that have reported positive outcomes for
critical-thinking skills [14].

Changes in critical thinking and digital literacy
can also be understood as two processes that overlap
within the module design. When using PhET, students
interacted with digital information while evaluating
relationships among variables, interpreting
representations, and  drawing  evidence-based
conclusions. The conceptual relationship between
digital literacy and critical thinking in physics education
has also been highlighted in previous research [15].
However, the present study did not statistically analyze
the relationship between the two variables; therefore,
the findings are not interpreted as evidence of a causal
relationship between them.

For digital literacy, learning activities extended
beyond simply operating the simulation. Students
accessed digital resources, used the simulation
interface, interpreted graphs and representations,
compared virtual-experiment results, and evaluated
information used during the investigation. These
activities correspond to the indicators of accessing,
understanding, using, and evaluating digital information
measured in this study.

These findings extend previous research on the
use of inquiry and PhET in physics learning [11].
Research using a PhET-assisted problem-based learning
model has also reported that simulations can support
active learning when embedded in a problem-solving
process [17]. Compared with those studies, the module
developed here integrates contextual problems, inquiry
stages, PhET use, and digital-literacy activities within a
single learning sequence.

The higher N-Gain for digital literacy than for
critical thinking indicates that the changes in the two
variables were not identical. Digital activities were
performed directly and repeatedly through QR-code use,
simulation access, variable manipulation, and
interpretation of virtual-experiment results. In contrast,
critical thinking involves complex cognitive processes
that require sustained practice. The difference in N-Gain
values is descriptive and is not used to conclude that the
module had a statistically greater effect on one variable
than on the other.

The characteristics of the Work and Energy topic
also support the use of simulations. Relationships
among force, displacement, work, kinetic energy, and
potential energy can be difficult to understand when
presented only through verbal explanations or
equations. PhET allows students to manipulate variables
and observe changes in real time, thereby generating
data that can be analyzed and used to draw conclusions.

Overall, the limited implementation showed
increases in critical-thinking and digital-literacy scores
after learning with the module. These findings provide
preliminary evidence of the module’s potential as a
learning resource that integrates physics inquiry with
the use of digital information.

The findings must nevertheless be interpreted in
light of the one-group pretest-posttest design. Without a
comparison group, the score changes cannot be
attributed entirely to the use of the module. Accordingly,
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effectiveness in this study is positioned as potential
effectiveness within a limited-trial context.
Theoretically, the module design is consistent
with a constructivist perspective in which students
actively construct knowledge through interaction with
problems, data, and the learning environment. The
integration of authentic contexts, inquiry, and digital
technology indicates that physics learning can be
designed to develop conceptual understanding while
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also providing opportunities to practice higher-order
thinking and digital literacy.

Reliability and Normality Results

The reliability analysis reported in Table 5
yielded a Cronbach’s Alpha of 0.717 for 35 analyzed
items. Because the coefficient exceeded 0.70, the
analyzed item set demonstrated adequate internal
consistency.

Table 5. Reliability Test Results

Analyzed Items

Cronbach’s Alpha N

All analyzed items

0.717 35

The Shapiro-Wilk test showed significance values
of 0.008 for the critical-thinking and digital-literacy
pretest scores, while the respective posttest values were
0.061 and 0.063. Thus, at least one score distribution for
each variable did not satisfy the normality assumption
at the 0.05 level.

The internal-consistency analysis of the 35
analyzed items yielded a Cronbach’s Alpha of 0.717. The
critical-thinking essay test was scored using the same
rubric for all student responses to maintain consistency
in scoring.

Table 6. Normality Test Results

Tests of Normality Shapiro-Wilk

Variable

Critical Thinking Pretest

Critical Thinking Posttest

Digital Literacy Pretest

Digital Literacy Posttest

Because at least one score distribution for each
variable was non-normal, differences between pretest
and posttest scores were analyzed using the Wilcoxon
Signed-Rank Test. The results showed p < 0.001 for both

Statistic N Sig.
0.901 31 0.008
0.935 31  0.061
0.901 31 0.008
0.936 31  0.063
critical thinking and digital literacy, indicating

significant differences between measurements before
and after module implementation in the trial group.

Table 7. Wilcoxon Signed-Rank Test Results

Variable p-value Interpretation
Critical Thinking <0.001 Significant
Digital Literacy <0.001 Significant

Taken together, the validity, practicality, N-Gain,
and pretest-posttest comparison results indicate that
the PhET-assisted contextual inquiry module can be
considered a promising alternative learning resource for
twenty-first-century physics education. The main
strength of the product lies in integrating inquiry
activities with the use of digital resources rather than
using simulations merely as visualization tools.

However, the statistical significance of the
pretest-posttest differences does not by itself
demonstrate that the module was the sole cause of the
observed changes. The findings are more appropriately
positioned as preliminary evidence from a limited trial
that should be confirmed in future studies using a
comparison group and effect-size analysis.

Research Limitations

This study has several limitations. First,
implementation used a one-group pretest-posttest
design without a control group; therefore, causal
inference cannot be made. Second, the study involved
only one class and one physics topic, Work and Energy,
which limits the generalizability of the findings. Third,
digital literacy was measured using a self-report
instrument that more closely reflects students’
perceptions than their actual performance. Fourth, the
implementation period was relatively short, and
students differed in their prior ability to use digital

devices. Future studies should include a comparison
group, a larger sample, performance-based measures of
digital literacy, and effect-size reporting to strengthen
the evidence regarding module effectiveness.

CONCLUSION

This study developed a physics learning module
on Work and Energy that integrates a contextual inquiry
approach with Physics Education Technology (PhET)
simulations. The module was designed to support
students in exploring physics concepts through
contextual problems, inquiry activities, virtual
experimentation, and the use of digital information.
Based on expert validation, the developed module
demonstrated a high level of validity, indicating that its
content, presentation, language, and graphical design
were appropriate for use in physics learning. The
limited implementation also showed that the module
had good practicality, suggesting that it could be applied
in classroom learning with support from teachers and
students.

The implementation of the module with 31 Grade
10 students showed positive changes in both critical-
thinking and digital-literacy scores. The mean critical-
thinking score increased from 48.2 on the pretest to
82.6 on the posttest, while the mean digital-literacy
score increased from 46.5 to 88.9. The normalized gain
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(N-Gain) values were 0.74 for critical thinking and 0.79
for digital literacy, placing both variables in the high
improvement category. In addition, the Wilcoxon
Signed-Rank Test showed statistically significant
differences between pretest and posttest scores for

critical thinking and digital literacy, with p < 0.001for
both variables. These findings indicate that the module
has the potential to support the development of
students’ critical-thinking and digital-literacy
competencies during physics learning.

The integration of contextual problems, inquiry
stages, and PhET simulations provided students with
opportunities to formulate hypotheses, manipulate
variables, analyze virtual-experiment results, interpret
evidence, and draw conclusions. At the same time, the
learning activities required students to access,
understand, use, and evaluate digital information.
Therefore, the module has the potential to serve not
only as a resource for conceptual learning in physics but
also as a learning environment that encourages
scientific reasoning and responsible engagement with
digital information.
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